This study presents observations on mucopolysaccharides in cutaneous connective tissue tumors, in the stroma of epithelial growths, and in other cutaneous infiltrations, as demonstrable by the periodic acid Schiff-McManus stain ("PAS", (32)) and by the toluidine blue metachromasia controlled with testicular hyaluronidase.
Some of the above-mentioned authors localized the metachromasia in the ground substance (2, 3, 50) , others described metachromatic fibers of the examined tissues (5, 8, 9, 10, 15, 44) . These fibers were usually fine and argyrophilic, i. e., of the character of reticulum fibers. Their metachromasia was attributed to a coating with ground substance (5, 9, 15) . Campani and Reggianini (10) observed in older granulation tissues thick, metachromatic, non-reticular fibers. In granulations treated with testicular hyaluronidase there was no metachromasia or only weak metachromasia (2, 3, 8, 9, 10, 18, 19, 44) .
Gersh and Catchpole (19) used PAS for the demonstration of mucopolysaccharides in basement membranes and ground substance of granulation tissue of mouse skin. Stoughton and Wells (49) , employing PAS in skin diseases, found in two or three fibromas "some increase" of PAS-positive substance in collagen; one keloid was PAS-negative.
Regarding the occurrence of mucoid collagen in the stroma of epidermal neoplasms and cutaneous granulomas, only few pertinent reports could be found in the literature. f These lesions show sometimes diffuse staining with toluidine blue (beta metachre masia).
Hyaluronidase-susceptible metachromatic material was observed in the stroma of cutaneous epitheliomas (1, 2, 8) ; Bunting (8) also mentions mucopolysaccharides in the stroma of carcinomas of various other organs. In animal experiments, tumor transplants showed considerable PAS-positive ground substance and fibers of the stroma (18, 19) . Using PAS and toluidine blue Braun-Falco (7) saw fuchsinophilic and metachromatic, hyaluronidase-stable reticulum fibers in the stroma of epitheliomas. Mescon et al., (34) found that the stroma of molluscum contagiosum* does not stain with toluidine blue; and only the PASstained basal membrane of the molluscum body was more prominent than usual. Sylvén (50) mentioned metachromatic cells of the mesenchyme in areas of repair in the stroma of tuberculous and actinomycotic granulomas. In recent years the mechanism of invasion and spread of tumors through the action of mucolytic enzymes has been much discussed (11, 13, 25, 37, 48) . The histochemical character of the stroma of these tumors is evidently of great importance for this problem. Because of the scarcity of relevant observations a study of these lesions seemed desirable.
MATERIAL AND METHODS
Granulation tissues and connective tissue tumors (Table 1) were examined as follows: The biopsied tissues were formalin-fixed, embedded in paraffin, and cut at 5 a. PAS, toluidine blue and testicular hyaluronidase were used according to Pearse (42) and McManus (32) . The McManus stain was frequently counterstained with Weigert's acid iron hematoxylin. Amylase-treated sections were used for control of glycogen. Van Gieson's stain was employed for collagen, Weigert's resorcin fuchsin for elastica, Wilder's silverdiaminohydroxide method (55, 57) for reticulum and von Kossa's stain for calcium.
* Molluscum contagiosum is here discussed as a tumor because its stroma shows essentinily the same properties as that of neoplastic tumors. t ++ many fibers, + some fibers are argyrophilic.
++ much or all, + some, +-little reticulum stains PAS-positive.
The type and number of neoplastic and infiltrative lesions examined are shown in Table  2 . The histologic and histochemical methods used were the same as described in the foregoing.
OBSERVATIONS
The connective tissue fibers of keloids, fibromas and dermatofibrosarcomas are PAS-fuchsinophilie ( fig. 1-3) ; they appear pink-red, scarlet or purple. Where formation of regular bundles is beginning, as in fibromas and keloids, these bundles are orange with a red marginal lining ( fig. 2) . The different colors of developing bundles are particularly distinct and frequent in the transition zones of the histiocytomas into the surrounding normal tissue. Otherwise, the red PAS stain prevails throughout the lesions, and the contrast between the fnehsinstained tumors and the yellow, normal, surrounding tissue is quite striking (fig. 3 ).
Papillomas and acuminate eondylomas are also fuehsinophilie. Some of them however, show only fuehsinophilia of the pars papillaris cutis. Loss of fuchsinophilia on fasciculation is particularly distinct in sections of Kaposi's sarcoma where areas of younger tissue with pink or purplish fibers alternate with brownish strands of new bundles. In granulation tissue there is pink staining of fibers in the upper eutis; otherwise, a more diffuse, interfibrillar, brownish-red substance is visible in these lesions and in granuloma pyogenienm.
A comparison of the PAS-stained slides with sections stained for elastic tissue reveals that the PAS-positive fibers cannot be of elastic nature since some of the lesions, e.g., granulation tissue, keloids, dermatofibrosarcomas, are devoid of elastic fibers, and mature fibrosnas, papillomas and acuminate condylomas contain them only occasionally (see also Winer (56) ).
Sclerosing hemangiomas, histiocytomas, granulation tissue, Kaposi's sarcoma and dermatohbrosarcoma show an extremely rich network of characteristically arranged, fine argyrophilic fibers (see also Foot, Way (16, 53) ). Tn agreement with Symmers' (51) illustration of reticulum in Kaposi's sarcoma, there is a finely fibrous argyrophilic lining of the newly forming bundles. This lining corresponds to the red margins of the bundles in PAS-stained sections ( fig. 2 ). In general, an appreciable proportion of PAS-positive tissue is of reticular character.
However, most of the PAS-fuchsinophilic fibers, especially in keloids, in mature fibromas, and in dermatofibrosarcornas, are usually thicker than reticulum fibers and show no reticular pattern; their arrangement is rather that of collagen fibers ( fig. 1 ). The absence of argyrophilia in some of the most characteristic lesions with this fiber type, e.g., in keloids, confirms their collagen character. On the other hand, such fibers may be argyrophilic in certain lesions, e.g. in dermatofibrosarcomas ( fig. 4) .
With toluidinc blue all PAS-fuchsiuophilic fibers of keloids, fibromas and dermatofibrosarcomas are red, i.e., gamma metachromatic ( fig. 5 ). This metachromasia is not always intense but in all instances it can definitely be distinguished from the violet beta metachromasia of granulation tissue, papillomas, acuminate condylomas and TKaposi's sarcomas. In the latter lesions the meta- In the stroma more darkly stained, red collagen and reticulum fibers between the lighter, yellow strands of the epithelioma chromasia is sometimes hardly stronger than in normal eonneetive tissue. Many of these lesions show, in addition, a diffuse interfibrillar metaehromasia which corresponds to the diffuse fuchsinophilia of granulations. The PAS-positive fascicle borders and the reticulum are not conspicuous in toluidine blue stained sections; they are definitely not gamma metachromatic.
After treatment with testicular hyaluronidase there is a decrease of fuchsinophilia and metachromasia. This is visible in keloids and in mature fibromas, i.e. in lesions in which collagen fibers prevail. But even in these lesions there is still a reddish, although weaker, PAS stain of the fibers, and with toluidine blue the metachromasia is only reduced to violet. IDcrmatofibrosarcomas are little changed by hyaluronidase. In the remaining other lesions hyaluronidase-produced alterations are indefinite.
The stroma of epithcliomas and malignant melanomas contains many PASpositive, pink or purple staining fibers. In prickle cell epitheliomas with much stroma a great number of the red fibers have the appearance and arrangement of nonfasciculated collagen ( fig. 6 ). These fibers appear and stain the same as the collagen of connective tissue tumors. They can be seen also in other cutaneous infiltrations, especially in those produced by malignant melanomas, nevi and molluscum contagiosum, and in lesser numbers, in lymphoblastomas and some chronic granulomas, e.g. tuberculosis. Where present in large masses, they stain tt4. Many of the PAS-positive and gamma metachromatic stroma fibers are distinctly argyrophilic. These fibers occur especially in molluscum contagiosum, epitheliomas, nevi and malignant melanomas. They are relatively long nnd straight or somewhat wavy and, therefore, show a definitely collagen-like appearance. The best examples of this fiber type can be found in dermatofibrosarcoma protuherans (fig. 4) .
In rare instances, certain of the PAS-positive fibers in nevi, malignant melanomas and lymphatic leukemia combine conspicuously with elnstica stains (fig. 8 ).
These fibers are not only unusual for their PAS-fuchsinophilia and argyrophilia, but also because they are longer and straighter than ordinary elastic fibers of the cutis. They show, however, branching typical of elastica and their scarcity is in accord with the trend towards total atrophy of the elastic tissue in the stroma of cutaneous infiltrates. With the exception of a few typical elastic fibers in Hodgkin's disease, tuberculosis and foreign body granuloma, the stroma of tumors and granulomas is otherwise virtually free from elastica. In lesions with little stroma relatively less collagen and more reticulum fibers can be seen. Thus, in lymphoblastomas, snrcoidosis, xanthomatosis ( fig. 9 ), tuberculosis and in certain epitheliomas, nevi and malignant melanomas there is a highly developed reticulum visible (see also (16, 26, 53) ). In many of these lesions this reticulum is typically PAS-fuchsinophilic, and its appearance with the PAS stain corresponds exactly with the silver staining in silver-impregnated sections ( fig. 9, 10 ). However, in prickle cell epitheliomas, nevi and malignant melanomas the PAS stain shows less of the reticulum than in silver impregnated sections. Other lesions with a dense reticulum, e.g. sarcoidosis, tuberculosis, leukemia and mycosis fungoides, exhibit disproportionately little reticulum in PAS stained sections. In some of these lesions, e.g. in leukemia, the reticulum fibers appear sometimes short and fragmented.
With toluidine blue the stroma reticulum stains only \veakly. In contrast to collagen the reticulum fibers never show gamma metachromasia. They are usually bluish-violet, and rarely pinkish-violet. Hyaluronidase seems to reduce this metachromasia. Ho\vever, because of the slightness of the fibers and the wreak metachromasia this effect is not distinct.
OMMENT5
The occurrence of PAS-positive collagen in connective tissue tumors is in agreement with previously mentioned findings obtained with toluidine blue (2, 5, 8, 15, 50) . Previous histologic investigations had similarly revealed "myxomatous" or "mucoid" degeneration of dermatofibrosarcomas, Kaposi's sarcomas * S S e 4. , I', and of the "capsule" of keloids (6, 31, 41) . On the basis of the toluidine blue metachromasia the localization of mucoid substances in fibers was also described by a number of authors (5, 8, 10, 15, 44) .
Unlike these findings with toluidine blue, however, positive PAS staining of collagen fibers in connective tissue lesions has not heretofore been reported. What Stoughton and Wells described (see above, (40)) was either basal membrane and vascular wall or basophilic degeneration (which will be discussed in another paper), but not collagen fibers. The demonstration, therefore, of the presence of mucopolysaccharides in collagen by means of the PAS method is of interest in itself; the PAS, moreover, not only supplements the toluidine blue method, but also allows for better definition of the metachromasia.
Furthermore, the PAS-fuchsinophilia of connective tissue tumors reveals some of the interrelationships between the different types of fibers of these lesions. The fuchsinophilia (and metachromasia) of the collagen fibers decreases with progressive bundle formation. Beginning bundles are often orange, and many of them show a red lining. This lining is continuous with the reticulum. Fuchsinophilia of reticulum stained with PAS was described by a number of observers (2, 27, 28, 29, 32, 33, 45) . The reticular character of the lining is also borne out by its argyrophilia. By contrast, in many lesions, e.g. in keloids and mature fibromas, the fuchsinophilic fibers are not argyrophilic (see also Way (53)). They are collagen fibers in appearance and staining. In their aggregate, these observations support the concept that reticulum fibers participate in the formation of collagen bundles.
The argyrophilic collagen fibers observed in certain lesions, e.g. in dermatofibrosarcoma, will be discussed in connection with the stroma fibers. Different intensities in the silver staining of collagen were observed also by previous investigators (29, 45) . They are related to the existence of different collagens (27, 29) .
A participation of reticulum fibers in the formation of collagen has been described by numerous authors (1, 4, 21, 29, 31, 45, 47, 52, 57, 59) , some of whom usually-especially through the electron-microscope-observe an actual continuity between reticulum and collagen fibers (1, 21, 29, 31, 45, 47, 59 ). The electron-miscroscopic structures and the x-ray diffraction of reticulin and collagen are essentially identical (4, 17, 21, 52, 59 ). From Robb-Smith's comparison of reticulum and collagen fibers (45) it appears that, except for the caliber of the fibers, they can be distinguished only by their different reactions to silver and PAS. The demonstration of PAS-positive (and of argyrophilic) collagen fibers in connective tissue lesions, therefore, is a further argument in favor of the identity of the two fiber types.
Bunting and White argued that the metachromatic stain of collagen fibers is due to an artificial coating with ground substance (9) . Gersh observed that freezedried reticulum fibers do not stain PAS-positive, and he maintains that whatever shows PAS-fuchsinophilia and metachromasia is always ground substance, but never fibers (18, 19) .
A close relation of reticulum and collagen to carbohydrates, and more specifi-cally to mucopolysaccharides was postulated also by others (20, 36, 45) . In normal tissues, the ground substance is not more, or even less, stainable with PAS than with toluidine blue (35, 36, 38, 50, 58) . In pathologic skin lesions, however, considerable amounts of interfibrillar PAS-positive material were observed (19, 49) . A similar material was present in PAS-stained granulation tissue, especially in granuloma pyogenicum; this resembled Asboe-Hansen's findings with toluidine blue in keloids (2, 3). The fact that under abnormal conditions, interfibrillar substance becomes stainable with PAS (and toluidine blue) supports the assumption that the positive staining results here presented are due to a coating of fibers with ground substance. With the electron-microscope, a coating of fibers with ground substance has been observed by many investigators (17, 21, 43, 59) . The substrate for the red PAS stain of collagen must be an acid mucopolysaccharide. Among PAS-positive tissue materials only acid mucopolysaccharides give gamma metachromasia with toluidine blue (42) . Hyaluronic acid can probably be excluded since it does not produce tissue metachromasia (35, 36) . The partial hyaluronidase-susceptibility of the fibers excludes chondroitin sulphuric acid B (42) . Normally chondroitin sulphuric acid A does not occur in skin. This would leave only chondroitin sulphuric acid C as the substrate for the staining reactions of the PAS-positive, gamma metachromatic, hyaluronidase-labile collagen fibers. However, the in vitro reactions of metachromatic substances are not always applicable to tissue sections (35, 36, 42) . The PAS-positive fiber substance of connective tissue lesions, therefore, cannot be defined more accurately than as an acid mucopolysaccharide, which probably differs from hyaluronic acid.
In character, the stroma fibers of cutaneous infiltrations show the same PASfuchsinophilia as do the tissues of fibrous skin tumors. This is in conformity with the described findings in epitheliomas and tumor transplants (7, 18, 19) .
The stroma fibers, like the fibers of connective tissue tumors, reveal also hyaluronidase-susceptible gamma metachromasia with toluidine blue. The staining with PAS, or toluidine blue and its absence after the action of hyaluronidase indicate that the fibers are coated with acid mucopolysaccharides of the ground substance (8, 37, 45, 47) .
It should be recalled that "mucoid" or "myxomatous" changes of the stroma of epitheliomas were found with conventional histologic methods by previous authors (23, 26, 40) .
In quantity, there is, on the whole, less staining of the stroma of cutaneous infiltrations with PAS and toluidine blue than of the stroma of connective tissue tumors. Evidently, this is greatly due to the larger fiber mass of the connective tissue tumors. Some of the virtual lack of staining of the stroma, however, must be attributed to the failure of the reticulum fibers of many lesions (e.g. sarcoidosis, tuberculosis, leukemia, mycosis fungoides) to react with the stains. As mentioned above, normally, reticulum fibers are distinctly PAS-positive (7, 27, 28, 29, 32, 33, 45) ; and it should be expected that the extremely well developed reticulum in sarcoidosis, leukemia, or mycosis fungoides, would appear as clearly fuchsinophilic as in xanthomatosis or in histiocytomas. This is, however, not the case; and this atypical staining reaction suggests an abnormal type of reticulum. The observation of fragmented reticulum fibers, e. g., in leukemia, points also to regressive reticular changes. Similar degenerations and regression of the reticulum in liver and skin were observed by previous authors (1, 39, 53) .
In many lesions, particularly in molluscum contagiosum, epitheliomas, nevi and malignant melanomas, PAS-positive collagen fibers of the stroma were found to be argyrophilic. This fiber type occurs also, as described above, in connective tissue tumors. A number of authors observed argyrophilic collagen fibers in epitheliomas, dermatofibrosarcomas and other lesions, and considered them as pre-collagenous (22, 25, 29, 47, 45, 53) . A concept of a difference of types of collagen becomes therewith apparent (29) .
An interpretation of the PAS-positive, argyrophilic and elastica-like staining fibers in melanomas and leukemias is difficult. Lansing (24) states that oxydized collagen takes the elastica stain. On the other hand, although elastic tissue is sometimes PAS-positive in loose connective tissue, it is usually either not at all or only weakly positive (24) . Elastic staining of PAS-positive substances will be discussed in greater detail in a separate study of the basophilic degeneration of exposed and senile skin.
The mucopolysaccharides which represent the substrate for the PAS staining and the metachromasia of the stroma fibers can be depolymerized by the action of mucolytic enzymes. A loss of the normal mucopolysaccharide coating accounts perhaps for the degeneration of the fibers, especially of the reticulum, and a consequent facilitation of the local spread of tumors and other infiltrates (see 11, 13, 24, 37, 48) . On this premise, an intact mucoid envelop of the stroma fibers functions as a protective layer against the invasion by tumors. 3. With beginning bundle formation, the PAS-fuchsinophilia and metachromasia of the fibers diminish. The PAS-positive reticulum fibers remain fuchsinophilic. The resulting color difference reveals a participation of reticulum fibers in the formation of collagen.
4. The stroma-reticulum is also usually PAS-fuchsinophilic, and it shows beta metachromasia; however, in certain lesions, e.g. in leukemias, mycosis fungoides, tuberculosis, sarcoidosis, little of the reticulum appears PAS-positive or stains with toluidine blue.
5. The PAS-negative reticulum sometimes shows degenerative changes, e.g. in leukemias. This suggests a protective function of the PAS-positive mucoid envelop which is probably important in the spread of tumors.
6. The staining affinity of the collagen fibers to PAS and toluidine blue, as well as their susceptibility to hyaluronidase, reveal the presence of an acid mucopolysaccharide; these fibers appear to be coated with ground substance.
